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PREFACE

This report was prepared by the Geological Survey in coopera 
tion with other State and Federal Agencies by personnel of the 
Water Resources Division, E. L. Hendricks, chief hydrologist, 
G. W. Whetstone, assistant chief for Reports and Data Process 
ing, under the general direction of S. M. Lang, chief, Reports 
Section, and B. A. Anderson, chief, Data Reports Unit.

The data were collected under the supervision of the following:

G. L. Bodhaine, district engineer...... Portland, Oreg.
Eugene Brown, district chemist..... Sacramento, Calif.
D. M. Culbertson, district engineer..... Lincoln, Nebr.
T. F. Hanly, district engineer.......... Worland, Wyo.
C. H. Hembree, district geologist......... Austin, Tex.
J. H. Hubble, district chemist........Little Rock, Ark.
L. B. Laird, district chemist.......... Tacoma, Wash.
R. H. Langford, district chemist.. .Salt Lake City, Utah 
R. P. Orth, district chemist...... Oklahoma City, Okla.
J. M. Stow, district chemist..... Albuquerque, N. Mex.
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QUALITY OF SURFACE WATERS
FOR IRRIGATION, 

WESTERN STATES, 1964

INTRODUCTION

The records of chemical analyses, other physical measure 
ments, and discharge given in this report comprise the fourteenth 
annual compilation of data for 72 irrigation network stations in 
operation west of the Mississippi river.

Geological Survey Water-Supply Papers 1264 and 1362, the an 
nual compilations for water years 1951 and 1952, respectively, 
describe briefly the development of this series of reports. In 
summary, there is an expressed need for comprehensive contin 
uing information about the chemical quality of surface waters used 
for irrigation and the changes resulting from the drainage of irri 
gated lands.

In recognition of this problem the Committee on Hydrology, Wa 
ter Resources Council (formerly the Subcommittee on Hydrology, 
Interagency Committee on Water Resources) on February 6, 1950, 
approved a list of 106 network stations on streams in the western 
conterminous United States at which water samples were to be 
collected and analyzed with particular reference to the use of these 
streams' waters for irrigation. These stations, with pertinent 
information about periods of operation, are shown in the following 
table. Of the 106 stations selected, 39 were already being opera 
ted by the Geological Survey and 7 by the International Boundary 
and Water Commission. From the remaining stations on the list, 
30 were selected for activation by the U. S. Geological Survey dur 
ing the fiscal year 1951. la addition, 3 stations previously opera 
ted in connection with other programs and scheduled to be discon 
tinued were to be'included in the list to be operated by the Geolog 
ical Survey (the committee amended the list on October 2, 1952, 
to include the three additional stations, bringing the recommended 
number of irrigation network stations to a total of 109). Four sta 
tions on the list were discontinued at the end of the 1963 water 
year. Two stations were added to the list in 1963 and two in 1964. 
This increased the original list to 113 stations.
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Irrigation-Quality Network Stations, Western States

[Selected by Committee on Hydrology, Water Resources Council, 1950]

Irri 
gation 
net 
work 
no.

1
2 
3
4
5 
6
7

8 
9

10
11
12
13
14
15
16
17

18 
18a

19 
20

21
pp
23

94

25 
26
27 
28

pq
30
 31

32
33
34
35 
36
37

38
39 
40 
41 
42 
43

Geo 
logical 
Survey 
station 
ident. 

no.

5-1240 
6-3300 
-4400
-8070
-2145 
-3295
-2595
-2590 
-2947 
-3085
-3265
-3580
-3610
-4395 
_4K pn
-4760
-6420
-6560

-7660 
-7657

-7640

-8535
-8655
-8680
-8695

7-1305

-1465 
-1525
-2505 
-1640
-1610

-2450
-3316

-3280
8- 305
- 410
- 665

-1140

-1580 
-1620 
-1765 
-2110 

P4qp

Stream and location

Souris (Mouse) River near Westhope, N. Dak. 
Missouri River near Williston, N. Dak ......

Yellowstone River at Billings, Monta ........

Wind River below Boysen Reservoir, Wyo*3 . . . 
Bighorn River at Bighorn, Mont. ............

f*T£inH RIVOT noav \X7atnala ^ T*)alr

Cheyenne River near Eagle Butte, S. Dak ....
\A71rito T?i VOT* noaT1 Oar»r\TV»Q Q rialr

North Platte River below Guernsey Reservoir, 
Wyo. 

Platte River at Brady, Nebr ................

Maxwell, Nebr. 
South Platte River at Julesburg, Colo. .......

Cambridge, Nebr.

Colo. 
Arkansas River at Arkansas City, Kans. .....

Arkansas River at Van Buren, Ark ..........

Tex.
\X7o cVii fa RIVOT* nodi1 TaHl OT* Olr 1 n

Sabine River near Ruliff , Tex. ..............

Trinity River at Romayor, Tex .............

Colorado River at Austin, Tex .............. 
Colorado River at Wharton, Tex ............ 
Guadalupe River at Victoria, Tex ........... 
Nueces River near Mathis, Tex .............

Labatos, Colo.

Date 
established

June 1954 
12- 5-50 
10- 3-50

1- 4-51
12-15-50 

1- 3-51
1- 1-51

11-24-53 
10- 2-50 

1- 4-51
1- 4-51
1-17-51

1-17-51

Aug. 1956

12- 7-50

2-28-51 
3- 1-51

10- 1-45 
12-22-50

Aug. 1956

4- 3-50
1-10-51

10- 8-51 
1- 1-50

10- 1-45 
10- 1-49
10- 1-52
6- 2-48
9- 1-46
5- 1-44

9-10-46
10- 1-47
10- 1-47
9- 1-45 
9- 1-45
9- 1-45

10- 1-47
10- 1-47 
4-11-44 
9- 1-45 

10- 1-47 
10-11-46

Date 
discontinued

9-30-64 

9-30-58

..........

1-21-54

7-31-63
11-20-53

11-20-53

9-30-58

"g-sblss

Sept. 1957

10- 3-52
9-30-53

9-30-63

9-30-52

9-30-53
11-30-64

10- 3-52

*4- 5-54

9-30-51

See footnotes at end of table.
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Irrigation-Quality Network Stations, Western States Continued

Irri 
gation 
net 

work 
no.

44 

45

46 
47 
48 
49

50 
51

52

53 
54 
55

56

57 
58 
59 
60 
61 
62

63

64 
65 
66 
67

68 
69 
70 
71 
72 
73 
74

75 
76

77 
78 
79 
80 
81 
82

Geo 
logical 
Survey 
station 
ident. 

no.

8-3130

-3585 
-3583

-3584 
-3610 
-3640 
-3705 
-3715

-3775 
-4580 
-4590 
-4625 
-4615 
-4613 
-3845 
-3965 
-4101

-4475 
-4474 

9- 711 
-1805 
-3800 
-4025 
-4215 
-4280

-5255

-1525 
-2345 
-3150 
-3565 
-3555 
-3795 
-4012 
-4740 
-5195 
-5020 
-5100 
-5136

10-1180 
-1915

-2240 
-3225 
-3350 

11-2510 
-2540 
-3035

Stream and location

Rio Grande at Otowi Bridge, near San nde- 
fonso, N. Mex.

Rio Grande conveyance channel at San 
Marcial, N. Mex. 

Rio Grande floodway at San Marcial, N. Mex . 
Rio Grande below Elephant Butte Dam, N. Mex. 
Rio Grande near El Paso, Texc .............

Rio Grande above Rio Conchos near, Presidio, 
Texc.

Pecos River below Alamogordo Dam, N. Mex.

Pecos River below Red Bluff Dam, near 
Orla, Tex.

Pecos River near Shumla, Texc .............
Colorado River near Glenwood Springs, Colo .

Colorado River below Hoover Dam, Ariz-Nev. 
Colorado River below Parker Dam, Ariz- 

Calif. 
Colorado River (Yuma Main Canal) below 

Colorado River siphon, at Yuma, Ariz. 
Gunnison River near Grand Junction, Colo. . . .

Salt River below Stewart Mountain Dam, Ariz.

Agua Fria River below Lake Pleasant Dam, 
Ariz.

Sevier River below Piute Dam, near Marys- 
vale, Utah.

Date 
established

10-23-47

7- 1-48 
Oct. 1954

Oct. 1954 
1933 
1930 
1930 
1935

1945 
1938 

7- 1-55
1944 

July 1955 
July 1955 

6-26-37
7 1 97

7- 1-37

1935 
1- 1-55 

Oct. 1941 
Oct. 1928 
10- 1-47 

Oct. 1925 
Oct. 1939

Oct. 1942

Oct. 1931 
Oct. 1956 
Oct. 1928 
10- 1-45 
12-31-54 

Oct. 1929 
1-17-51 

12- 1-50 
12- 1-50 
12- 9-50 
12- 9-50 
12- 1-50

Mar. 1958

3-22-51 
May 1962 
12-10-51

3- 1-51

Date 
discontinued

Oct. 1954

Sept. 1963

1-30-55

1-31-55 
9-30-56

Dec. 1954

12-31-54

9-30-58

9-30-58

6-30-63

See footnotes at end of table.
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Irrigation-Quality Network Stations, Western States--Continued

Irri 
gation 
net 
work 
no.

83
84

85
86
87 
88
QQ

90

91
Q9

93

94
qc:

96

97 
98
99

100
101 
102 
103 
104
105
106
107
108
109
110
111 
1 1 9
1 1 q

Geo 
logical 
Survey 
station 
ident. 
no.

U 9Q7O

-3105 

-2535
-3255
-3780
-3910 
-4250

44fici
1 9 SQQR

-4365
qoon

-3985

-5105
13- 375

- 815
-1545 

ofiqn
-3435

-2125 
14-1057 

-3010 
-1910
-3615

5- 560
6-6875
-8055

9 41 c:n

7 ^^1 n

10-3120.2 
99S1 n

in 34RQ

Stream and location

Calaveras River (Stockton diverting canal) at 
Stockton, Calif.

Sacramento River at Knights Landing, Calif . .

Wash. 
Columbia River at Grand Coulee Dam, Wash .

Wash.

Snake River at King Hill, Idaho .............

Wash.

Boise River at Notus, Idaho ................ 
Columbia River near The Dalles, Oreg ...... 
Deschutes River at Moody, near Biggs, Oreg.

"M'l-jt'fh "Plo'H'cj "Rival* at T aiuallaii ^JaVvr«

"Pla'H'a "Rival* naUT* T niii civil la NTa}ri*«

Carson River near Silver Springs, Neve .....

Truckee River at Floriston, Calif . f .........

Date 
established

3- 1-51 

1952
3- 1-51

2-26-51 
2-26-51
5- 1-51

11-15-51

11-25-50

12-30-52
1- 8-53

3-27-51

11-14-51
9-28-55

11-21-50 
12- 1-50 

Dec. 1952 
2- 1-51
1- 5-53
1- 8-51

July 1949
May 1944
10- 1-62 
10- 1-63

Jan. 1964

Date 
discontinued

10- 3-52 

Sept. 1961
9-30-58

5-31-60 
9-30-62
9-30-62

9-30-58

..........

Feb. 1956
9-30-58

'°2-15-54

9-30-58

..........

Deactivated August 1963.
^Reactivated December 1960, irrigation records from October 1962.
cOperated by International Boundary and Water Commission.
dStations added by Committee, October 1952.
eAdded to the list in 1963 water year.
f Added to the list in 1964 water year.



INTRODUCTION O

It was contemplated that the network stations would be located 
at streamflow gaging stations and that the program of collecting 
and analyzing the samples and reporting the findings would be the 
responsibility of the Geological Survey. The scope of the chemi 
cal analyses would provide for the calculation of the salt burden of 
stream and in general would conform with the current Geological 
Survey standards for the comprehensive investigation of the chem 
ical quality of surface waters.

The following criteria were recommended in the selection of the 
key network stations.

1. All recommended stations should be located on streams west 
of the main stem of the Mississippi River.

2. All proposed stations should relate primarily to irrigation 
although multiple-purpose needs which include irrigation may be 
considered.

3. All stations should be located at or near streamflow gaging 
stations. The most nearly up-to-date list of gaging stations cur 
rently operated by the U. S. Geological Survey (which comprises 
all but a small percentage of all gaging stations) will be found in 
the most recently published Geological Survey water-supply papers 
for the areas involved.

4. Consideration should be given to the location of irrigation 
development areas that are now affecting or are likely to affect 
the chemical quality of the river water.

5. Only those stations should be proposed that are likely to re 
flect important changes in chemical quality over a period of years. 
Stations operated for relatively short periods (5 years or less),as 
would be required for intensive studies of specific projects, should 
not in general be included.

Plate 1 is a plot of the 113 network stations on streams in the 
Western States. The 72 stations in operation in 1964 are identi 
fied by a solid circle. The period of record, in years, is also 
shown at each of these stations. In a few instances the period of 
record differs from that obtained from the date established by the 
Committee, as earlier records were included also. Proposed 
stations are identified by an open circle. Discontinued stations 
are identified by a half circle.

To facilitate identification, each Geological Survey gaging sta 
tion and sampling station has been assigned a station number. The 
station numbers were assigned according to Geological Survey 
practice in reporting records of streamflow: Stations on tributary
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streams are listed between stations on the main stem in the order 
in which those tributaries enter the main stem. However, in this 
report the numbers will not all appear in increasing numerical 
order because all the main stem stations on a river are reported 
before listing the stations on the tributaries.

The complete number for each station has 8 digits, but the sta 
tion number as shown in this report just to the left of the station 
name consists of only the digits essential for identification. For 
example, for a station with the complete number 08-0100. 00, this 
station number shown in this report is 8-100.

ACKNOWLEDGMENTS
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published herein include: The Agriculture Research Service, and 
the Soil Conservation Service, U. S. Department of Agriculture; 
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operated the station Pecos River near Shumla, also. The Mexican 
Section operated the stream gaging station on the main stem at 
Laredo. Each section operated the gaging stations on the tributary 
streams, floodways, and diversions within its own country.

Descriptive headings and discharge data for the seven stations 
operated by the International Boundary and Water Commission, 
were obtained from Water Bulletins 33 and 34 prepared jointly by 
the United States and Mexican Sections of the International Bound 
ary and Water Commission. These publications contain stream 
discharge and related data for 1963 and 1964. Analyses for six 
Rio Grande main stem stations and for the Pecos River near 
Shumla, Tex., were obtained from the U. S. Salinity Laboratory, 
Riverside, Calif.

Additional contributions of data have been made by individuals, 
corporations and other State and Federal agencies, and their co-



EXAMINATION OF SAMPLES

operation is acknowledged with appreciation.

COLLECTION OF SAMPLES

In accordance with the recommendation of the Committee, where 
practicable, one sample was collected each day throughout the 
water year. In general, each sample was taken in an 8- or 12- 
ounce polyethylene bottle provided with a bakelite cap and polyseal 
insert to prevent escape of dissolved gases. Each sample was in 
tegrated in the vertical section of a stream usually at about mid 
point of flow by lowering the open sample bottle to the bottom and 
returning it to the surface during the filling process.

At most stations the samples were collected by local residents 
hired for the purpose. The local sample collector recorded on 
each bottle the name of the stream, location, gage height (if prac 
ticable), water temperature, time of day, date, and collector's 
name or initials. Samples were shipped to the laboratory or 
picked up by technical personnel on a predetermined schedule. 
Visits were made periodically by technical personnel to check on 
sampling procedures.

EXAMINATION OF SAMPLES

Upon receipt of samples in the laboratory, they were recorded 
and stored away from direct sunlight until opened for analysis. 
Specific conductance was determined with a conductance bridge on 
each sample as soon as opened. These data provided a basis for 
compositing a series of daily samples, for complete analysis. In 
general, a minimum of three composites a month consisting of 
equal volumes of approximately 10 daily samples, were prepared 
for chemical analysis. Individual samples that showed differences 
in conductance of more than 30 percent of the mean for the period 
were not included in the composite, but were grouped separately 
for additional composite samples  or analysis of the individual 
sample was made. For those stations where acceptable discharge 
values were reported with the samples or could be obtained 
promptly from rating tables, samples were prepared by mixing 
volumes of individual samples in proportion to water discharge.

The following series of 15 determinations (schedule 1) were 
made on all composite samples for all new network stations during 
the first year of operation: Silica, iron, calcium, magnesium,
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sodium, potassium, bicarbonate, carbonate, sulfate, chloride, 
fluoride, nitrate, boron, dissolved solids, and specific conduct 
ance. The following values were calculated from the analytical 
data: Dissolved solids in tons per acre-foot, dissolved solids in 
total tons, total hardness, noncarbonate hardness, and percent 
sodium.

It was further recommended by the Committee that during the 
second and third years the following series of 11 determinations 
(schedule 2) would be made on all composite samples: Calcium, 
magnesium, sodium, bicarbonate, carbonate, sulfate, chloride, 
nitrate, boron, dissolved solids, and specific conductance. Hard 
ness, noncarbonate hardness, percent sodium, total tons and tons 
per-acre-foot would be calculated as in schedule 1.

In the fourth and succeeding years (unless significant changes 
become apparent) it was recommended that the following determi 
nations (schedule 3) would be made on all composite samples as 
long as the program is in effect: Calcium and magnesium (either 
separately, or together by the recently developed ethylenediamine 
tetraacetic acid titration test for hardness), sodium, dissolved 
solids, and specific conductance. In addition, four complete anal 
yses (schedule 1) would be made each year, one analysis to be 
made on a composite sample during each quarter. Certain addi 
tional determinations above these minimum requirements were to 
be made if deemed necessary to define widely varying character 
istics of the stream water.

All laboratory determinations were to be made in accordance 
with standard procedures used by the Geological Survey. These 
procedures are based on methods found in authoritative publica 
tions on water analysis.

REPORTING OF DATA

In order to release the data in the form most widely used in the 
evaluation of irrigation waters, the results of analyses in this 
compilation are given in equivalents per million, rather than the 
conventional unit part per million. Some agencies that actively 
participate in irrigation water-quality investigations prefer to ex 
press results in milligrams per liter (mg/1) and milliequivalents 
per liter (meq/1). However, for all practical purposes where con 
centrations of dissolved solids are less than about 7,000 parts per
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million, no correction for density of the water is necessary and 
the units reported in each method are considered to be synony 
mous.

If results are desired in parts per million they can be calculated 
by multiplying the reported values in equivalents per million by 
the chemical combining weights of the individual constituents. 
Pertinent physical data and water discharge are also included in 
the tables.

EXPLANATION OF TABLES

The tables of analyses beginning on page 28 include a brief de 
scriptive heading summarizing the more pertinent features at 
each station as follows:

Location of station is given generally as the distance in land or 
river miles from a town or other political or geographic feature. 
In Survey practice the term "at" generally implies that the station 
is within a mile radius of the names town whereas "near" implies 
that it is beyond a mile radius.

Drainage area above the gaging station was obtained from the 
most recent published records of the annual reports of the Geolog 
ical Survey on Surface Water of the United States, and from Inter 
national Boundary and Water Commission.

Records available are given for all periods during which sam 
ples, other than infrequent, were collected for chemical analyses. 
It does not include the periods for which discharge records are 
available.

Extremes for the current year and for the period of record are 
reported for specific conductance, percent sodium, and sodium 
adsorption ratio, because of their widespread application in the 
evaluation of analyses of water used for irrigation. The results 
for specific conductance are based on the measurement made at 
the laboratory upon receipt of the sample from the field. Data for 
percent sodium and sodium adsorption ratio were obtained from 
composite-sample analysis.

329-608 O - 69 - 2
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Remarks include sources of data and additional explanation con 
cerning the records.

Discharge records were obtained from the responsible Geologi 
cal Survey Water Resources district offices except for the seven 
stations operated by the International Boundary and Water Com 
mission. Discharge data are shown in acre-feet, calculated from 
the daily mean discharge in cubic feet per second by multiplying 
by the factor 1. 983471.

Analytical values are reported in equivalents per million (epm) 
for cations and anions. An equivalent per million is a unit chem 
ical combining weight of a constituent in a million unit weights of 
water. As previously discussed, for concentrations of dissolved 
solids that are normally encountered in water for irrigation, an 
equivalent per million is equal to a milliequivalent per liter. Sil 
ica, which is considered to be present in the colloidal state, and 
boron, are reported in parts per million. Percent sodium is cal 
culated as follows:

Na x 100 , where all constituents are reported in equivalents 
Na+K+Ca+Mg 
per million.

At the recommendation of the Committee, sodium adsorption 
ratio (SAR) is published for all network stations beginning Octo 
ber 1952. The term is defined and described under "Sodium" on 
page 11.

A program for automatically converting and computing the ana 
lytical values which are given in this report was established in 
1962. Electronic digital computers perform the following calcu 
lations: Converting discharge values from cubic feet per second 
to acre-feet and constituent values from parts per million to 
equivalents per million; computing tons per acre-foot and total 
tons of the dissolved solids, percent sodium, sodium adsorption 
ratio, total discharge in acre-feet, total tons of dissolved solids, 
and discharge-weighted average of the individual constituents.

CRITERIA OF WATER QUALITY 

The quality of an irrigation water is determined by the compo-
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sition and concentration of the dissolved substances or solutes that 
are present in the water. The principal solutes are the cations; 
calcium, magnesium, and sodium, and the anions; bicarbonate, 
sulfate, and chloride. Boron, fluoride, and nitrate are usually 
present in low, but significant, concentrations. Small amounts of 
carbonate are found in many waters, as well as trace amounts of 
other less important constituents. The concentrations of the sev 
eral ions show wide variations but, because of solubility limita 
tions, sodium and chloride often predominate in more saline 
waters.

The analysis of an irrigation water should provide information 
on the suitability of its use and act as a guide for management 
practices. The first step in the interpretation of the analysis is 
the selection of criteria that will yield the type of information de 
sired. The second step is the classification of the criteria in or 
der to evaluate the water quality.

There are four principal hazards related to the chemical char 
acter of water for irrigation use. These are: total concentration, 
sodium, bicarbonate, and boron or other phytotoxic substances. 
Criteria that measure these hazards have been worked out and are 
in general use.

Total concentration is probably the more important single cri 
terion for irrigation water quality and may be expressed in terms 
of parts per million (ppm) of dissolved solids, or as specific con 
ductance (micromhos at 25°C). The latter is preferred. More 
than half of the irrigation waters in use in the Western States have 
specific conductance values below 750 micromhos (about 500 ppm 
dissolved solids). Saline waters with specific conductance values 
greater than 2, 250 micromhos (about 1, 500 ppm dissolved solids) 
make up less than 10 percent of the total number of waters and an 
even smaller fraction of the total quantity of water being used. 
There are very few waters with specific conductance values great 
er than 5,000 micromhos (about 3,200 ppm dissolved solids) that 
are being used successfully, although they can be used for certain 
crops under very special conditions. Such waters are important, 
however, in that they constitute the only available supply in many 
arid regions.

Sodium is essentially unique among the cations in its effect upon 
the soil. When present in the soil in exchangeable form, even at 
low concentrations as compared with the other cations, it causes
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adverse chemical and physical conditions to develop. Exchange 
able sodium tends to make a moist soil impermeable to air and 
water. This type of soil, upon drying, is hard and difficult to till, 
and forms dense crusts that interfere with germination and seed 
ling emergence. The most reliable index of the sodium hazard, or 
the tendency of the irrigation water to form exchangeable sodium 
in the soil, is the sodium-adsorption ratio, SAR (U. S. Salinity 
Laboratory Staff, 1954). It is a calculated value and is defined as:

SAR = _J^:
Ca++ + Mg++ 

2

where concentrations are expressed in equivalents per million.

A nomogram for determining the SAR value of an irrigation wa 
ter with an exchangeable-sodium percentage (ESP) scale opposite 
the SAR scale is shown in figure 1 on page 13. The ESP scale is 
empirical but is based on a regression equation of high statistical 
significance. After the SAR value of an irrigation water is deter 
mined by use of the nomogram, it is possible to estimate from the 
central scale the ESP value of a soil that is at equilibrium with the 
irrigation water. Under field conditions, the actual ESP may be 
slightly higher than the estimated equilibrium value. This is be 
cause the total salt concentration of the soil solution is increased 
by evaporation and plant transpiration which results in a higher 
SAR and a correspondingly higher ESP.

Bicarbonate is important primarily in its relation to calcium and 
magnesium. There is a tendency for calcium to react with the bi 
carbonate and precipitate as calcium carbonate (CaCO3). The cor 
responding magnesium salt is more soluble so there is less ten 
dency for it to precipitate but it may be lost from a water by an 
indirect reaction. Magnesium enters the exchange complex of the 
soil, replacing calcium which reacts with bicarbonate and precip 
itates as CaCO3. Ordinarily, magnesium will not replace calcium 
to any great extent but, if calcium is precipitated as it is released, 
the reaction proceeds toward completion.

As calcium and magnesium are lost from water, the relative 
proportion of sodium is increased with an attendant increase in 
the sodium hazard. This hazard can be evaluated in terms of the 
residual sodium carbonate (RSC) as proposed by Eaton (1950) and 
defined as:
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Figure 1.  Nomogram for determining the SAR value of irrigation water and for estimating the 
corresponding ESP value of a soil that is at equilibrium with the water (U. S. Salinity Labora 
tory Staff, 1954).
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RSC = (CO3~~ + HCO~) - (Ca + Mg )

in which the concentrations are expressed in equivalents per mil 
lion (epm). Studies by Wilcox et al. (1954) indicate that waters 
with more than 2. 5 epm of RSC are probably not suitable for irri 
gation purposes. Water containing 1. 25 epm to 2. 5 epm are mar 
ginal, and those containing less thanl. 25 epm of RSC are probably 
safe. Some marginal waters, with good management practices 
and proper use of amendments, particularly gypsum, may be made 
safe for irrigation use. A condition not provided for by the RSC 
concept has been encountered in recent years. If the concentra 
tions of both calcium and bicarbonate are about equal and high, 
i. e., in the order of 10 epm or greater, the RSC will be low or 
possibly zero. Such waters will precipitate some calcium car 
bonate and should be considered at least marginal.

Phytotoxic substances: Boron. The occurrence of boron in toxic 
concentrations in certain irrigation waters makes it necessary to 
consider this constituent when assessing the quality of water.

Plant species differ markedly in their tolerance to high concen 
trations of boron. In areas where boron occurs in excess in the 
soil or in the irrigation water, boron-tolerant crops may grow 
satisfactorily, whereas sensitive crops may fail.

Other substances. Very few substances other than boron occur 
in toxic concentrations in natural waters. However, many sub 
stances in industrial wastes that are discharged into surface 
streams are probably toxic to plants. Wilcox (1959) assembled 
information on a number of such substances for which the phyto- 
toxic properties are known. If the presence of pollutants is sus 
pected, great care should be exercised in the use of the water for 
irrigation.

The quality of irrigation water is classified by the amount of 
critical material determined in a water analysis. A water analy 
sis is classified by plotting, as coordinates, the numerical value 
for specific conductance and SAR on figure 2, p. 15 . The position 
of the point determines the quality classification of the water. 
The significance and interpretation of these quality ratings are 
summarized below.
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Salinity Classification:

Cl. Low-salinity water can be used for irrigation with most 
crops on most soils, with little likelihood that a salinity problem 
will develop. Some leaching is required, but this occurs under 
normal irrigation practices except in soils of extremely low per 
meability.

C2. Medium-salinity water can be used if a moderate amount of 
leaching occurs. Plants with moderate salt tolerance can be grown 
in most instances without special practices for salinity control.

C3. High-salinity water cannot be used on soil with restricted 
drainage. Even with adequate drainage, special management for 
salinity control may be required, and plants with good salt toler 
ance should be selected.

C4. Very high-salinity water is not suitable for irrigation under 
ordinary conditions but may be used occasionally under very spe 
cial circumstances. The soil must be permeable, drainage must 
be adequate, irrigation water must be applied in excess to provide 
considerable leaching, and very salt-tolerant crops should be se 
lected.

Sodium Classification:

SI. Low-sodium water can be used for irrigation on almost all 
soils, with little danger of the development of a sodium problem. 
However, sodium-sensitive crops, such as stone-fruit trees and 
avocados, may accumulate injurious amounts of sodium in the 
leaves.

S2, Medium-sodium water may present a moderate sodium 
problem in fine-textured (clay) soils unless there is gypsum in the 
soil. This water can be used on coarse-textured (sandy) or organ 
ic soils that take water well.

S3, High-sodium water may produce troublesome sodium prob 
lems in most soils and will require special management good 
drainage, high leaching, and additions of organic matter. If there
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is plenty of gypsum in the soil, a serious problem may not devel 
op for some time. If gypsum is not present, it or some similar 
material may have to be added.

S4. Very-high sodium water is generally unsatisfactory for ir 
rigation except at low-or medium-salinity levels where the use of 
gypsum or some other amendment makes it possible to use such 
water. (Wilcox and Durum, 1967.)

DISCUSSION OF RESULTS

MISSOURI RIVER BASIN

Missouri River main stem. Streamf low records at the Willis- 
ton, N. Dak., station indicate that runoff in the Missouri River 
basin above the station was below median during the first 6 
months, and above median during the second 6 months of the water 
year. Total runoff was slightly above median. The weighted- 
average of dissolved-solids content near Williston was 439 ppm 
(0. 60 ton per acre-foot) as compared with 442 ppm (0. 60 ton per 
acre-foot) for 1963 and 422 ppm (0. 57 ton per acre-foot) for the 
14-year period of record.

Yellowstone River basin.  Runoff from the Yellowstone River 
basin was near the long-term median and nearly the same as dur 
ing the 1963 water year. Amounts of dissolved solids in stream- 
flow of the basin were generally lower than in 1963 and the 13- 
year period of record. The weighted-aver age of dissolved-solids 
content near Sidney, Mont., was 402 ppm (0.55 ton per acre-foot) 
as compared with 429 (0. 58 ton per acre-foot) for 1963 and 434 
ppm (0. 59 ton per acre-foot) for the 13-year period of record. 
Data collected from the Bighorn River at Bighorn, Mont., showed 
that the weighted average of dissolved-solids content in the 1964 
water year was 611 ppm (0. 83 ton per acre-foot) as compared with 
625 ppm (0. 85 ton per acre-foot) for 1963 and 722 ppm (0. 98 ton 
per acre-foot) for the 12-year period of record. At Tongue River 
near Miles City, Mont., the weighted-aver age of dissolved solids 
was 376 ppm (0. 51 ton per acre-foot) as compared with 370 ppm 
(0. 50 ton per acre-foot) for 1963 and 467 ppm (0. 63 ton per acre- 
foot) for the 12-year period of record.

James River basin.  Runoff in the basin in 1964 was low. Run-
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off of the James River at Huron, S. Dak., was only 48 percent of 
the 25-year average. The weighted average of dissolved-solids 
content decreased from 718 ppm (0.98 ton per acre-foot) in 1963 to 
640 ppm (0. 87 ton per acre-foot) in 1964.

At Huron, samples are collected just upstream from the stream- 
flow gage and just upstream from the diversion of water to the city 
of Huron. At times, the diversions exceed inflow so that no water 
passes the gage. The weighted averages for the James River at 
Huron reflect only the quality of the water that passes the gage.

Platte River basin. Runoff was only 56 percent of average at 
the Colorado-Wyoming line but increased to 79 percent at Seminoe 
Reservoir. Release from Alcova Reservoir was average. At the 
Wyoming-Nebraska line runoff was 79 percent of average. Water 
levels in the mainstream reservoirs, with the exception of Alcova, 
declined during the year.

The dissolved-solids content above Seminoe was 17 percent 
greater than in 1963 but 17 percent below average. At Glenrock 
the load was 14 percent above average whereas in 1963 the load 
was about average.

LOWER MISSISSIPPI RIVER BASIN

Arkansas River basin. --Runoff at Arkansas River below John 
Martin Reservoir, Colo., was about 33 percent below the 1963 
flow, and was only 24. 6 percent of the average for the 26 years of 
record. The weighted average concentration of dissolved solids 
increased slightly from 2,289 ppm (2. 98 tons per acre-foot) to 
2,220 ppm (3.02 tons per acre-foot) in 1964, while the sodium 
adsorption ratio remained the same, at 3.4.

Runoff of the Arkansas River at Arkansas City, Kans., was about 
two-thirds of that in 1963 and less than half of the long-term av 
erage. The weighted average dissolved-solids content of 806 ppm 
(1.19 tons per acre-foot) was 5. 3 percent lower than in 1963 and 
5.9 percent lower than the 14-year average. The sodium adsorption 
ratio weighted average values were about the same for 1963 and 
1964.
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The normally expected increase in dissolved-solids content of 
the Arkansas River water, which usually accompanies a decrease 
in flow, did not occur in 1964. This is probably related, in part 
at least, to the difference in runoff characteristics between 1963 
and 1964. Examination of the hydrographs indicates that the 1964 
runoff was characterized by a relatively large number of abrupt 
rises. This characteristic indicates the occurrence of rapid storm 
runoff of water low in dissolved-solid content and suggests that the 
percentage of runoff consisting of dilute storm water was greater 
in 1964 than in 1963.

Runoff at the Arkansas River station at Van Buren, Ark., was 
40 percent less than 1963 runoff and 75 percent less than the 37- 
year average. The lower runoff resulted in higher dissolved- 
solids content.

Red River basin.  Water discharge of the Red River at Denison 
Dam,near Denison, Tex., during the 1964 water year was only 30 
percent of the average for the 41 years of record and 50 percent 
of the 1963 average. The weighted average of dissolved-solids 
concentration was 1200 ppm (1.63 tons per acre-foot) in 1964 as 
compared to 989 ppm (1. 35 tons per acre-foot) in 1963.

WESTERN GULF OF MEXICO BASINS

In the Western Gulf of Mexico basins in Texas from the Sabine 
River to the Nueces River, streamflow was well below normal. 
The weighted average of dissolved-so lids content in 1964 was less 
than in 1963 for the Sabine and Neches Rivers, but greater for the 
Trinity and Brazos, and about the same as in 1963 in the other ba 
sins. Runoff in the Trinity River atRomayor during 1964 was only 
about half as much as during 1963 and less than one-fourth of the 
40-year average. The weighted average of dissolved-solids content 
increased from 287 ppm (0. 39tonper acre-foot) in 1963 to 351 ppm 
(0. 48 ton per acre-foot) in 1964,

Rio Grande basin. In the 1964 water year, streamflow of the 
Pecos River below Red Bluff Dam near Orla, Tex., was only 
16-percent of the 27-year average and about half as much as the 
1963 streamflow. However, the weighted average of dissolved- 
solids content decreased from 9,790ppm (13. 3 tons per acre-foot) 
in 1963 to 9,080 ppm (12.4 tons per acre-foot) in 1964. Storage 
in Red Bluff Reservoir at the end of the 1964 water year was
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18,710 acre feet, only 6 percent of capacity.

COLORADO RIVER BASIN

Colorado River main stem.  Runoff of the Colorado River at 
Glenwood Aprings, Colo., was about 5.6 percent lower than the 
1963 flow, and was only 51 percent of the average for 65 years of 
record. The weighted average of dissolved- solids concentration of 
the Colorado River near Glenwood Springs increased slightly from 
365 ppm (0. 50 ton per acre-foot) in 1963 to 376 ppm (0. 51 ton per 
acre-foot) in 1964. The weighted average sodium adsorption ratio 
did not change from 1963 to 1964, staying at 1.8.

The flow of Colorado River near Cisco, Utah was 19 percent 
greater than that during the preceding year, and was about 60 per 
cent of the average for 53 years of record. Weighted average dis- 
solved-solids content was 774 ppm (1.05 tons per acre-foot) or 
about 150 ppm less than that during the preceding year.

The salinity and the total flow of the water of the Colorado River 
at Lees Ferry, Ariz., have been effected by the filling of Lake 
Powell since March 1963. Total flow (release) for the water year 
1964 was about 2. 4 million acre-feet compared to about 2. 5 acre- 
feet for the 1963 water year. The weighted-aver age concentration 
of dissolved solids was 889 ppm (1.21 tons per acre-foot) which was 
about 11 percent less than the previous year.

At the station near Grand Canyon, Ariz., the total runoff and 
weighted-aver age concentration of dissolved solids were about the 
same as for the 1963 water year.

The amount of water released from Hoover Dam was about 7 
percent less than the previous year and the dissolved-solids con 
centration remained the same.

Diversions and return flows at and below Imperial Dam.   The 
total flow of Yuma Main Canal below Colorado River siphon at 
Yuma, Ariz., was the same as the previous year, however, the 
concentration of dissolved solids increased slightly from about 
800 ppm (1. 09 tons per acre-foot) to 836 ppm (1.14 tons per acre- 
foot).
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Gunnison River basin.  In 1964 the flow of the Gunnison River 
near Grand Junction, Colo., was about 47 percent higher than in 
1963, but was only 95 percent of the average for the 56 years of 
record. The weighted average of dissolved-solids concentration 
reflected the increase in flow and dropped from 974 ppm (1.28 tons 
per acre-foot) in 1963 to 714 ppm (0.97 ton per acre-foot) in 1964. 
The sodium adsorption ratio also decreased from 1.8 in 1963 to 
1.1 in 1964.

Green River basin. The flow of Green River at Greendale, Utah 
was about 400 per cent greater than that during the 1963 water year 
when most of the water was used for the filling of Flaming Gorge 
Reservoir. Flow was about 60 percent of the long-term average 
flow at the station. Average dissolved-solids content was 449 
ppm (0. 61 ton per acre-foot) or about 200 ppm less than that dur 
ing 1963. The content of Flaming Gorge Reservoir nearly doubled 
during additional filling of the reservoir in 1964; the records for 
1964 should not be regarded as representative of pre-reservoir 
conditions or of conditions after reservoir stage becomes fairly 
stable.

The flow of Green River at Green River, Utah was 68 percent 
greater than that in 1963 but was only 60 percent of the long-term 
average. Continued filling of Flaming Gorge Reservoir affected 
the flow at this station. Average dissolved-solids content was 
464 ppm (0. 69 ton per acre-foot) or about 25 percent lower than 
that during 1963.

San Juan River basin. The discharge at San Juan River near 
Bluff, Utah was 26 percent greater than that in 1963 but was only 
41 percent of the long-term average. Average dissolved-solids 
content was 703 ppm (0.96 ton per acre-foot), which is about 
150 ppm less than that during 1963. The decrease in dissolved- 
solids content and the increase in water discharge resulted in 
similar dissolved-solids loads in 1963 and 1964.

Virgin River basin. Flow at Virgin River at Littlefield, Ariz 0 , 
was 7 percent greater than that in 1963, and was 54 percent of the 
long-term average flow. Weighted average of dissolved-solids 
content was 2, 200 ppm (2.99 tons per acre-foot) or about 100 ppm 
less than that during 1963.

Gila River basin. The total flow of the Gila River at Kelvin,
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Ariz., was about 15 percent less than the previous year and the 
concentration of dissolved solids was about 14 per cent higher. The 
flow of the Gila River is controlled by Coolidge Dam (San Carlos 
Reservoir) above the confluence of the San Pedro River. The sa 
linity of the water at Kelvin varies over a wide range throughout 
the period of record. The salinity at Kelvin is a function of the 
salinity of the water in the reservoir and the salinity of the water 
from the San Pedro River. The effects of waste water from the 
smelter at Hayden, Ariz., have been noticed at times in the past 
during extremely low-flow periods.

At the Salt River below Stewart Mountain Dam the total flow (re 
lease) for the year was about 28 percent less than the previous 
year and the concentration of dissolved solids was about 6 percent 
greater.

The total amount of water released through Bartlett Dam on the 
Verde River was about 44 percent greater during the 1963-64 wa 
ter year than it was during the 1962-63 water year. The dissolved 
solids for 1963-64 water year were about 11 percent less than the 
previous year.

The dissolved-solids content of the water below Gillespie Dam 
was about 31 percent less than the previous year, whereas the 
combined flow below the dam was 42 percent greater than in the 
1962-63 water year.

THE GREAT BASIN

Sevier Lake basin.  Discharge of Sevier River below, Piute Dam 
near Marysvale, Utah was 7 percent less than that during the pre 
ceding year, and was 47 percent of the long-term average dis 
charge. Weighted average dissolved-solids content was 288 ppm 
(0. 39 ton per acre-foot), which is slightly less than that during 
1963.

Average flow of Sevier River near Lynndyl, Utah (at gage) was 
109 cfs and was 107 cfs at the water-quality station. A large well 
discharges into the stream between the water-quality station and 
the gaging station. Average dissolved-solids content was 1,440 
ppm (1. 96 tons per acre-foot), which is about the same as that in 
1963.
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Carson River basin.  Flow of the Carson River at Fort Church 
ill, Nev., 4. 5 miles upstream from the sampling station near Sil 
ver Springs, was 53 percent of the 53-year average and 40 percent 
of the preceding year's total discharge. Although flow at the gage 
dropped to less than measureable amounts during the latter 
months of the water year, no significant new maximums were es 
tablished.

Humboldt River basin.--Flow in the upper basin increased by 
25 percent over the preceding year and was 122 percent of the 57- 
year average. Increased flow slightly lowered the dissolved- 
solids content, but the ratios remained the same. Release from 
Rye Patch Reservoir averaged 138 percent of that in the 1963 wa 
ter year; however, the quality remained about the same.

Pyramid and Winnemucca Lakes basin. A new chemical-qual 
ity and water-temperature station was established on the Truckee 
River at Floriston, Calif. Discharge records for this station are 
obtained from Truckee River at Farad, Calif. The runoff for the 
1963-64 water year was about 32 percent below the average for the 
65 year period of record. Flow at this station is regulated by up 
stream controls, chiefly Lake Tahoe, and is low in dissolved- 
solids content.

PACIFIC SLOPE BASINS IN WASHINGTON AND UPPER COLUMBIA RIVER BASIN

Columbia River main stem.  Runoff in the Columbia River at 
international boundary totaled 77,190,000 acre-feet which is a 
9. 0 percent increase over total runoff at this station during the 
1963 water year. However, there was no significant change in 
chemical quality. The weighted average of dissolved-solids con 
tent was 84 ppm or 0.11 ton per acre-foot. In the previous year 
the weighted average was 86 ppm dissolved solids or 0.12 ton per 
acre-foot.

Yakima River basin.  Runoff in the Yakima River at Kiona, 
Wash., was lower than in the 1963 water year. It decreased from 
2,442,000 acre-feet to 1,796,000 acre-feet. The average dis- 
solved-solids content did not increase significantly although the 
weighted average increased from 146 ppm (0.20 ton per acre-foot) 
to 169 ppm (0. 23 ton per acre-foot).
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Summary of water discharge, and tonnages of dissolved solids 1963-64

Station
Runoff 

(acre-feet)

Dissolved
solids 

(tons per 
acre-foot)

Red River of the North basin:
Sheyenne River near Warwick, N. Dak..................
Souris (Mouse) River near Westhope, N. Dak ...........

Missouri River main stem:
Missouri River near Williston, N. Dak.................
Missouri River at Nebraska City, Nebr.................

Yellowstone River basin:
Yellowstone River at Billings, Mont....................
Yellowstone River near Sidney, Mont...................
Wind River below Boysen Reservoir, Wyo ..............
Bighorn River at Bighorn, Mont .......................
Tongue River at Miles City, Mont......................

James River basin:
James River at Huron, S. Dak.........................

Platte River basin:
Platte River at Brady, Nebr...........................
Supply Canal (Tri-County diversion) near Maxwell, Nebr.
South Platte River at Julesburg, Colo ..................

Arkansas River basin:
Arkansas River below John Martin Reservoir, Colo......
Arkansas River at Arkansas City, Kans ................
Arkansas River at Van Buren, Ark.....................

Red River basin:
Red River at Denison Dam, near Denison, Tex..........
Washita River near Durwood, Okla.....................

Sabine River basin:
Sabine River near Ruliff, Tex .........................

Neches River basin:
Neches River at Evadale, Tex .........................

Trinity River basin:
Trinity River at Romayor, Tex........................

Brazos River basin:
Brazos River at Richmond, Tex .......................

Colorado River basin:
Colorado River at Austin, Tex.........................
Colorado River at Wharton, Tex.......................

Guadalupe River basin:
Guadalupe River at Victoria, Tex......................

Nueces River basin:
Nueces River near Mathis, Tex........................

Rio Grande basin:
Rio Grande above Culebra Creek, near Lobatos, Colo....
Rio Grande at Otowi Bridge, near San Ildefonso, N. Mex.
Rio Grande conveyance channel at San Marcial, N. Mex..
Rio Grande floodway at San Marcial, N. Mex............
Rio Grande at El Paso, Tex...........................
Rio Grande at Fort Quitman, Tex......................
Rio Grande above Rio Conchos, near Presidio, Tex......
Rio Grande at Langtry, Tex...........................
Rio Grande at Laredo, Tex............................
Rio Grande at Falcon Dam, Tex .......................
Pecos River below Alamogordo Dam, N. Mex...........
Pecos River near Artesia, N. Mex.....................
Pecos River below Red Bluff Dam, near Orla, Tex ......
Pecos River near Shumla, Tex ........................

Colorado River main stem:
Colorado River near Glenwood Springs, Colo............

13,730
26,310

14,300,000
20,730,000

5,394,000
9,798,000
1,113,000
3,397,000

355,600

75,070

217,400
915,227
102,500

59,910
357,600

5,617,000

1,096,064
246,900

2,359,000

1,889,000

1,171,000

1,245,000

529,500
446,400

412,600

75,370

51,530
383,600
161,700

2,444
77,629
11,600

918,300
2,750,000
1,240,000

84,950
47,090
23,120

277,800

1,011,000

0.56 
.82

.60 

.68

.23 

.55 

.64 

.83 

.51

.87

.61

.73
2.19

3.01
1.10
.79

1.63 
.75

.12 

.13 

.48 

.57

.48 

.45

.38 

.49

29
,33
78
,34
55

5.12

.74

.47

.84
2.74
5.18

12.35
1.54

.51



DISCUSSION OF RESULTS 25

Summary of water discharge, and tonnages of dissolved solids 1963-64 Continued

Station
Runoff 

(acre-feet)

Dissolved
solids 

(tons per 
acre-foot)

Colorado River main stem Continued
Colorado River near Cisco, Utah.......................
Colorado River at Lees Ferry, Ariz....................
Colorado River near Grand Canyon, Ariz ...............
Colorado River below Hoover Dam, Ariz. -Nev...........

Diversions and return flows at and below Imperial Dam:
Yuma Main Canal below Colorado River siphon, at Yuma,

Ariz. 
Gunnison River basin:

Gunnison River near Grand Junction, Colo ..............
Green River basin:

Green River near Greendale, Utah .....................
Green River at Green River, Utah......................
Yampa River near Maybell, Colo.......................

San Juan River basin:
San Juan River near Archuleta, N. Mex.................
San Juan River near Bluff, Utah........................

Virgin River basin:
Virgin River at Littlefield, Ariz .......................

Gila River basin:
Gila River at Kelvin, Ariz ............................
Gila River below Gillespie Dam, Ariz ..................
Salt River below Stewart Mountain Dam, Ariz ...........
Verde River below Bartlett Dam, Ariz..................

Sevier Lake basin:
Sevier River below Piute Dam, near Marysvale, Utah....
Sevier River near Lynndyl, Utah.......................

Carson River basin:
Carson River near Silver Springs, Nev..................

Humboldt River basin:
Humboldt River at Palisade, Nev.......................
Humboldt River near Rye Patch, Nev...................

Pyramid and Winnemucca Lakes basin:
Truckee River at Floriston, Calif......................

Columbia River main stem:
Columbia River at international boundary, Wash.........

Yakima River basin:
Yakima River at Kiona, Wash..........................

Snake River main stem:
Snake River near Heise, Idaho.........................
Snake River at King Hill, Idaho ........................

Boise River basin:
Boise River at Notus, Idaho ...........................

Columbia River main stem:
Columbia River near The Dalles, Oreg .................

Willamette River basin:
Willamette River at Salem, Oreg.......................

3,357,000
2,413,361
2,726,270
8,233,988

339,600

1,347,000

838,100
2,797,000

865,200

427,239
792,300

89, 500

168,600
18,690

445,733
272,578

75,350
77,440

136,200

311,800
136,970

381,590

77,002,509

1,796,367

5,062,754
7,354,000

726,800

133,713,753

17,109,485

1.05
1.21
1.41

1.14

.97

.61 

.63 

.20

.27 

.96

2.99

1.33
3.43
.94
.44

.39 
1.96

.27

.40 

.73

.09 

.11 

.23

.29 

.45

.34 

.13 

.07

329-608 O - 69 - 3



26 QUALITY FOR IRRIGATION. 1964

SNAKE RIVER BASIN

Snake River main stem.  The chemical quality of the water at 
the Heise and King Hill stations in Idaho remained essentially the 
same as during the 1963 water year. Runoff increased 13 and 8 
percent, respectively, at these stations and the average tons per 
day dissolved-solids content increased 12 and 8 percent, respec 
tively.

Boise River basin. Runoff increased 18 percent above that of 
the 1963 water year and the average tons per day of dissolved- 
solids content increased 12 percent. The average dissolved-solids 
content decreased 6 percent during the same period.

PACIFIC SLOPE BASINS IN OREGON AND LOWER COLUMBIA RIVER BASIN

Columbia River main stem. The chemical quality for the 1964 
water year showed no significant change when compared to the 
previous water year. The runoff increased 6 percent.

Willamette River basin. The chemical quality for the 1964 wa 
ter year was essentially the same as the previous water year. The 
runoff increased 5 percent.

Discharge data and dissolved-solids loads for stations operated 
in 1964 are summarized in the table on p. 24.
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b
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.
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u
n
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p
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u
n
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p
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3
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p
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n
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u
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l
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f
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f
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f
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p
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b
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c
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